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(57) ABSTRACT

A moving object sensing control circuit includes: a control
circuit configured to determine, based on a mode signal,
whether to operate in a sensing mode or a power saving
mode, and control, in the power saving mode, a sensing
operation in a sensing stage and a standby operation in a
standby stage; an LC oscillation circuit configured to gen-
erate an oscillation signal based on an impedance value
corresponding to relocation of a moving object, by perform-
ing the sensing operation or the standby operation in
response to control of the control circuit; and a sensing
circuit configured to obtain a period count value of the
sensing oscillation signal using a reference oscillation signal
and a main oscillation signal, and output an output signal
having movement information of the moving object based
on the period count value, by performing the sensing opera-
tion in response to the control of the control circuit.

17 Claims, 7 Drawing Sheets
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1
MOVING OBJECT SENSING CONTROL
APPARATUS AND METHOD WITH POWER
SAVING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit under 35 U.S.C. § 119(a)
of Korean Patent Application No. 10-2019-0119976 filed on
Sep. 27, 2019, in the Korean Intellectual Property Office, the
entire disclosure of which is incorporated herein by refer-
ence for all purposes.

BACKGROUND

1. Field

The following description relates to a moving object
sensing circuit apparatus and method with power saving.

2. Description of Related Art

In general, a moving object, such as a rotating body, has
been used in various fields in devices such as a motor, a
wheel switch of a wearable device, and the like, that are
required to be miniaturized and slimmed. In accordance with
such a trend, a sensing circuit that senses a position of the
moving object has also been required to sense fine displace-
ment of the moving object.

A sensing device according to the related art requires a
precise signal of which a frequency is high and noise such
as a jitter, or the like, is low, in a sensing operation based on
a reference oscillation signal. For example, in the sensing
device that performs sensing based on the reference oscil-
lation signal, a method of sensing rotation of the rotating
body by measuring a frequency of an input sensed signal
using a reference clock having a high frequency may be
used.

Such a sensing device according to the related art uses the
reference clock having the high frequency, and the sensing
method therefore consumes a large amount of power, and
thus requires a large amount of power. In addition, in a case
of such a sensing device using one sensing coil in order to
sense the rotating body, when noise such as a jitter is
included in a sensed signal of a measurement target, a
sensing error may occur. In addition, an additional complex
circuit is required to remove such noise, thereby increasing
complexity of a design and manufacturing costs.

To resolve such problems, various sensing methods, such
as an inductive sensing method, are currently being devel-
oped.

The inductance sensing method, and the like, which are
currently being developed, require a function of reducing
power when applied to a portable device, but do not possess
such a function, which may be problematic.

SUMMARY

This Summary is provided to introduce a selection of
concepts in simplified form that are further described below
in the Detailed Description. This Summary is not intended to
identify key features or essential features of the claimed
subject matter, nor is it intended to be used as an aid in
determining the scope of the claimed subject matter.

In one general aspect, a moving object sensing control
circuit includes: a control circuit configured to determine,
based on a mode signal, whether to operate in a sensing
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mode or a power saving mode, and control, in the power
saving mode, a sensing operation in a sensing stage and a
standby operation in a standby stage; an L.C oscillation
circuit configured to generate an oscillation signal based on
an impedance value corresponding to relocation of a moving
object, by performing the sensing operation in the sensing
stage or the standby operation in the standby stage in
response to control of the control circuit; and a sensing
circuit configured to obtain a period count value of the
sensing oscillation signal using a reference oscillation signal
and a main oscillation signal, and output an output signal
having movement information of the moving object based
on the period count value, by performing the sensing opera-
tion in the sensing stage or the standby operation in the
standby stage in response to the control of the control circuit.

The moving object sensing control circuit may further
include a main oscillation circuit configured to generate the
main oscillation signal by performing the sensing operation
in the sensing stage or the standby operation in the standby
mode in response to the control of the control circuit.

The control circuit may be further configured to control,
in the standby stage, powering down of the main oscillation
circuit and the LC oscillation circuit, and holding of the
output signal.

The control circuit may be further configured to receive a
set time signal or a synchronous clock signal during the
standby stage, determine a sensing time of the sensing stage
and a standby time of the standby stage based on the
synchronous clock signal, control the sensing operation
during the sensing time based on the set time signal, and
control the standby operation during the standby time based
on the set time signal.

The LC oscillation circuit may include: a first oscillation
circuit configured to generate a first sensed oscillation signal
based on a first impedance value corresponding to relocation
of a first detected location of the moving object during the
sensing operation; and a second oscillation circuit config-
ured to generate a second sensed oscillation signal based on
a second impedance value corresponding to relocation of a
second detected location of the moving object during the
sensing operation.

The sensing circuit may include: a frequency divider
configured to divide a frequency of the reference oscillation
signal and output a frequency-divided reference oscillation
signal; a first period counting circuit configured to generate
a first sensed signal having a first period count value counted
using the frequency-divided reference oscillation signal with
respect to the first sensed oscillation signal; a second period
counting circuit configured to generate a second sensed
signal having a second period count value counted using the
frequency-divided reference oscillation signal with respect
to the second sensed oscillation signal; and a calculation
circuit configured to calculate the first and second sensed
signals to generate the output signal.

The first period counting circuit may include: a first
period counter configured to count a period of the fre-
quency-divided reference oscillation signal using the first
sensed oscillation signal to generate the first period count
value for the frequency-divided reference oscillation signal;
and a first filter configured to amplify the first period count
value using an accumulated gain to generate a first amplified
period count value and provide the first amplified period
count value as the first sensed signal.

The second period counting circuit may include: a second
period counter configured to count a period of the fre-
quency-divided reference oscillation signal using the second
sensed oscillation signal to generate the second period count
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value for the frequency-divided reference oscillation signal;
and a second filter configured to amplify the second period
count value using an accumulated gain to generate a second
amplified period count value and provide the second ampli-
fied period count value as the second sensed signal.

The calculation circuit may be further configured to
generate the output signal by dividing the first sensed signal
by the second sensed signal.

The sensing stage and the standby stage may be repeated
in an alternating manner.

In another general aspect, a moving object sensing control
method of a moving object sensing control apparatus
includes: initiating a power saving mode in response to the
power saving mode being selected from among a sensing
mode and the power saving mode based on a mode signal;
performing a sensing operation using a main oscillation
circuit, an L.C oscillation circuit and a sensing circuit of the
moving object sensing control apparatus during a sensing
time in the power saving mode; performing a standby
operation by holding a power-down state for each of the
main oscillation circuit, the LC oscillation circuit and the
sensing circuit during a standby time, after the sensing time,
in the power saving mode; and re-initiating the sensing
operation by controlling powering-on for each of the main
oscillation circuit, the LC oscillation circuit and the sensing
circuit after the standby time.

The moving object sensing control method may further
include: receiving, after re-initiating the sensing operation, a
termination signal indicating whether the sensing operation
is to be terminated; and continuing with the sensing opera-
tion in response to the termination signal indicating that the
sensing operation is not to be terminated, or terminating the
sensing operation in response to the termination signal
indicating that the sensing operation is to be terminated.

The performing of the sensing operation may include:
initiating the sensing operation using the main oscillation
circuit, the L.C oscillation circuit and the sensing circuit; and
continuing to perform the sensing operation until the sensing
time elapses.

The performing of the standby operation may include:
initiating the standby operation, after the sensing time
elapses, to power down the main oscillation circuit and the
LC oscillation circuit, and to hold an output signal of the
sensing circuit; and continuing to perform the standby
operation until the standby time elapses.

The re-initiation of the sensing operation may include
powering on the main oscillation circuit, the LC oscillation
circuit, and the sensing circuit.

The performing of the sensing operation may include:
generating, by the LC oscillation circuit, a sensing oscilla-
tion signal based on an impedance value corresponding to
relocation of a moving object, in response to control of the
control circuit; and obtaining, by the sensing circuit, a period
count value of the sensing oscillation signal using a refer-
ence oscillation signal and a main oscillation signal and
outputting, by the sensing circuit, an output signal having
movement information of the moving object on the basis of
the period count value.

The control circuit may receive a set time signal or a
synchronous clock signal during the standby stage, deter-
mine the sensing time and the standby time based on the
synchronous clock signal, control the sensing operation
during the sensing time based on the set time signal, and
control the standby operation during the standby time based
on the set time signal.

Other features and aspects will be apparent from the
following detailed description, the drawings, and the claims.
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BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a view illustrating a moving object sensing
control apparatus, according to an embodiment.

FIG. 2 is a timing chart illustrating a synchronous clock
signal, a set time signal, and an operation status, according
to an embodiment.

FIG. 3 is a view illustrating an L.C oscillation circuit and
a sensing circuit of FIG. 1, according to an embodiment.

FIG. 4A is a view illustrating an example of an output
signal in a sensing mode, and FIG. 4B is an example of an
output signal in a power saving mode.

FIG. 5 is a view illustrating a moving object sensing
control method, according to an embodiment.

FIG. 6 is a flowchart illustrating FIG. 5 in detail, accord-
ing to an embodiment.

Throughout the drawings and the detailed description, the
same reference numerals refer to the same elements. The
drawings may not be to scale, and the relative size, propor-
tions, and depiction of elements in the drawings may be
exaggerated for clarity, illustration, and convenience.

DETAILED DESCRIPTION

The following detailed description is provided to assist
the reader in gaining a comprehensive understanding of the
methods, apparatuses, and/or systems described herein.
However, various changes, modifications, and equivalents
of the methods, apparatuses, and/or systems described
herein will be apparent after an understanding of the dis-
closure of this application. For example, the sequences of
operations described herein are merely examples, and are
not limited to those set forth herein, but may be changed as
will be apparent after an understanding of the disclosure of
this application, with the exception of operations necessarily
occurring in a certain order. Also, descriptions of features
that are known in the art may be omitted for increased clarity
and conciseness.

The features described herein may be embodied in dif-
ferent forms, and are not to be construed as being limited to
the examples described herein. Rather, the examples
described herein have been provided merely to illustrate
some of the many possible ways of implementing the
methods, apparatuses, and/or systems described herein that
will be apparent after an understanding of the disclosure of
this application.

Herein, it is noted that use of the term “may” with respect
to an example or embodiment, e.g., as to what an example
or embodiment may include or implement, means that at
least one example or embodiment exists in which such a
feature is included or implemented while all examples and
embodiments are not limited thereto.

Throughout the specification, when an element, such as a
layer, region, or substrate, is described as being “on,”
“connected to,” or “coupled to” another element, it may be
directly “on,” “connected to,” or “coupled to” the other
element, or there may be one or more other elements
intervening therebetween. In contrast, when an element is
described as being “directly on,” “directly connected to,” or
“directly coupled to” another element, there can be no other
elements intervening therebetween.

As used herein, the term “and/or” includes any one and
any combination of any two or more of the associated listed
items.

Although terms such as “first,” “second,” and “third” may
be used herein to describe various members, components,
regions, layers, or sections, these members, components,
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regions, layers, or sections are not to be limited by these
terms. Rather, these terms are only used to distinguish one
member, component, region, layer, or section from another
member, component, region, layer, or section. Thus, a first
member, component, region, layer, or section referred to in
examples described herein may also be referred to as a
second member, component, region, layer, or section with-
out departing from the teachings of the examples.

Spatially relative terms such as “above,” “upper,”
“below,” and “lower” may be used herein for ease of
description to describe one element’s relationship to another
element as shown in the figures. Such spatially relative terms
are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, an element described as being “above”
or “upper” relative to another element will then be “below”
or “lower” relative to the other element. Thus, the term
“above” encompasses both the above and below orientations
depending on the spatial orientation of the device. The
device may also be oriented in other ways (for example,
rotated 90 degrees or at other orientations), and the spatially
relative terms used herein are to be interpreted accordingly.

The terminology used herein is for describing various
examples only, and is not to be used to limit the disclosure.
The articles “a,” “an,” and “the” are intended to include the
plural forms as well, unless the context clearly indicates
otherwise. The terms “comprises,” “includes,” and “has”
specify the presence of stated features, numbers, operations,
members, elements, and/or combinations thereof, but do not
preclude the presence or addition of one or more other
features, numbers, operations, members, elements, and/or
combinations thereof.

Due to manufacturing techniques and/or tolerances, varia-
tions of the shapes shown in the drawings may occur. Thus,
the examples described herein are not limited to the specific
shapes shown in the drawings, but include changes in shape
that occur during manufacturing.

The features of the examples described herein may be
combined in various ways as will be apparent after an
understanding of the disclosure of this application. Further,
although the examples described herein have a variety of
configurations, other configurations are possible as will be
apparent after an understanding of the disclosure of this
application.

FIG. 1 is a view illustrating a moving object sensing
control apparatus 10, according to an embodiment.

Referring to FIG. 1, the moving object sensing control
apparatus 10 may include a control circuit or controller 100,
an L.C oscillation circuit 300, and a sensing circuit 400.

The control circuit 100 determines whether an operating
mode of the control circuit 100 is a sensing mode or a power
saving mode based on a mode signal Smode. In the case of
the operating mode being the power saving mode, the
control circuit 100 controls repetition of pre-determined
sensing and standby operations. As an example, a high level
of the mode signal Smode may represent the sensing mode
while a low level of the mode signal Smode may represent
the power saving mode. The moving object sensing control
apparatus 10 may be a main control apparatus of a system,
to which the mode signal Smode is applied, but it is not
limited thereto.

As an example, the control circuit 100 may receive, as
inputs, a synchronous clock signal CLKsyn from a reference
clock, and a set time signal STset to determine a sensing time
and a standby time in the power saving mode. The sensing
time may be a duration of a sensing stage of the power
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saving mode, and the standby time may be a duration of a
standby stage of the power saving mode.

For example, in the power saving mode, the control
circuit 100 outputs a first control signal SC1 to control
power down or power on (i.e., power up) of a main oscil-
lation circuit 200 and outputs a second control signal SC2 to
control power down or power on of the L.C oscillation circuit
300. The control circuit 100 outputs a third control signal
SC3 to hold an output signal of the sensing circuit 400 (e.g.,
stop a sensing operation) or release the hold of the output
signal (e.g., initiate the sensing operation).

For example, in this disclosure, an operation of powering
down may turn off a power switch installed between a
corresponding block and a power, and an operation of
powering on may turn on the power switch. Such operations
of turning on and off of the power switch are well-known
techniques, and detailed descriptions of such operations are
thus omitted.

In a system to which the disclosure herein is applied,
when the control circuit 100 is in the sensing mode and
determines that there is no stimulus or a user’s response for
a certain period of time, for example, determines there is no
operational response for 1 minute, the control circuit 100
performs an operation of switching to the power saving
mode. In this case, the mode signal Smode has a low level
corresponding to low_power_mode_enable, and an opera-
tion of the power saving mode is carried out.

Further, when returning to the sensing mode in the power
saving mode, the mode signal Smode has a high level
corresponding to low_power_mode_disable, which is a case
in which the power saving mode is switched to the sensing
mode, thereby carrying out an operation of the sensing
mode.

The main oscillation circuit 200 carries out a sensing
operation of a sensing stage (corresponding to the sensing
time of the power saving mode) or a standby operation of a
standby stage (corresponding to the standby time of the
power saving mode) in response to the control of the control
circuit 100 to generate a main oscillation signal Mosc. The
main oscillation signal Mosc may be utilized in a calculation
circuit 430 (FIG. 3) in a sensing circuit block. As an
example, the main oscillation signal Mosc may be utilized as
a clock signal of a register to save a calculation process and
a final result data thereof in the register of the calculation
circuit 430.

The LC oscillation circuit 300 carries out a sensing
operation of the sensing stage or a standby operation of the
standby stage in response to the control of the control circuit
100 to generate a sensing oscillation signal LCosc based on
an impedance value corresponding to relocation of a moving
body or moving object. As an example, the impedance value
may be an inductance value or a capacitance value. Further,
the inductance value is described as an example, but the
impedance value not limited to the inductance value.

The sensing circuit 400 carries out a sensing operation of
the sensing stage or a standby operation of the standby stage
to obtain a period count value of the sensing oscillation
signal L.Cosc using the main oscillation signal Mosc, in
response to the control of the control circuit 100, or a period
count value of a reference oscillation signal OSCref using
the sensing oscillation signal [.Cosc. The sensing circuit 400
may also output an output signal Sout through an output
terminal (OUT) having relocation information of the moving
body based on the period count value.

As an example, the reference oscillation signal OSCref is
a clock signal used in a counting operation of the sensing
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circuit 400, while the main oscillation signal Mosc is a clock
signal used in a calculating operation of the sensing circuit
400.

During the sensing time of the power saving mode, the
main oscillation circuit 200, the LC oscillation circuit 300
and the sensing circuit 400 may be powered on (or up).
During the standby time of the power saving mode, the main
oscillation circuit 200, the LCoscillation circuit 300, and the
sensing circuit 400 may be powered down.

In the respective drawings of this disclosure, an unnec-
essarily overlapping description for components denoted by
the same reference numerals and having the same functions
will be omitted, and contents different from each other in the
respective drawings will be described.

FIG. 2 is a timing chart illustrating a synchronous clock
signal, a set time signal, and an operation status, according
to an embodiment.

In FIG. 2, CLKsyn is a synchronous clock signal, which
may be a reference clock signal OSCref input in the control
circuit 100. The set time signal STset may be a signal input
to the control circuit 100 or a signal generated based on the
synchronous clock signal CLKsyn. The set time signal STset
is a signal for determining the sensing time and the standby
time in the power saving mode. OS refers to an operation
state, and is in a sensing_enable state during the sensing time
TSon and is in a sensing_disable state during the standby
time TSoff.

As an example, when the synchronous clock signal
CLKsyn is 32 KMz, the sensing time TSon may refer to a
period of time for 16 cycles from T1 to T2, and the standby
time TSoff may refer to a period of time for 48 cycles from
T2 to T3. The sensing time TSon and the standby time TSoff
in the power saving mode may be set differently according
to environments of a system to which said times are applied,
and thus are not limited to the example times provided
herein. As in the above examples, the standby time TSoff in
the power saving mode may be longer than the sensing time
TSon, but is not limited to such examples.

The control circuit 100 may include a timer to count the
sensing time TSon (T1 to T2) and the standby time TSoff
(T2 to T3) in the power saving mode.

Referring to FIGS. 1 and 2, the control circuit 100 may
control powering down of the main oscillation circuit 200
and the LC oscillation circuit 300 during the standby time
TSoff in the power saving mode and holding of an output
signal of the sensing circuit 400.

For example, the set time signal STset or the synchronous
clock signal CLKsyn may be input to the control circuit 100
during the power saving mode.

As another example, when the set time signal STset is
input to the control circuit 100, the control circuit 100
controls a sensing operation during the sensing time TSon
for which the set time signal STset is high and a standby
operation during the standby time TSoff for which the set
time signal STset is low.

FIG. 3 is a view illustrating examples of the L.C oscilla-
tion circuit 300 and the sensing circuit 400 of FIG. 1.

Referring to FIG. 3, the LC oscillation circuit 300 may
include a first oscillation circuit 310 and a second oscillation
circuit 320.

As an example, the first oscillation circuit 310 may
generate a first sensing oscillation signal [.Cosc1 based on a
first impedance value (e.g., first inductance) corresponding
to relocation of a first detection position of the moving body.

As an example, the second oscillation circuit 320 may
generate a second sensing oscillation signal LCosc2 based
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on a second impedance value (e.g., second inductance)
corresponding to relocation of a second detection position of
the moving body.

As an example, the first and second detection positions of
the moving body may have a detection pattern or a detection
member formed for position detection. The moving body
may be a crown of a smart watch or a lens carrier of a camera
module. In this disclosure, the moving body is not limited to
the aforementioned examples, and may correspond to any
part requiring detection for a moving part in an electronic
product.

In contrast, during a standby operation of the power
saving mode, the LC oscillation circuit 300, and the first and
second oscillation circuits 310 and 320 may not operate
(e.g., may power down), thereby reducing power consump-
tion.

The sensing circuit 400 may include a frequency divider
410, a first period counting circuit 420-1, a second period
counting circuit 420-2, and a calculation circuit 430.

The frequency divider 410 may divide a frequency of the
reference oscillation signal OSCref and output a frequency-
divided reference oscillation signal DOSCref during the
sensing operation.

The first period counting circuit 420-1 may generate a first
sensed signal Ssnl having a first period count value PCV1
counted using the frequency-divided reference oscillation
signal DOSCref for the first sensed oscillation signal
LCoscl.

The second period counting circuit 420-2 may generate a
second sensed signal Ssn2 having a second period count
value PCV2 counted using the frequency-divided reference
oscillation signal DOSCref for the second sensed oscillation
signal L.Cosc2.

The calculation circuit 430 may calculate the first sensed
signal Ssnl and the second sensed signal Ssn2 to generate an
output signal Sout.

In contrast, during the standby operation of the power
saving mode, the values of the frequency divider 410, and
the first and second period counting circuits 420-1 and 420-2
are reset, and clocks of the divider and the counting circuit
are set to zero (clock gating) to power down. The calculation
circuit 430 holds the output signal and the clock is set to zero
for configuring the calculation circuit 430 to power down.

As an example, the first period counting circuit 420-1 may
include a first period counter 421-1 and a first filter 422-1.

The first period counter 421-1 may count a period of the
frequency-divided reference oscillation signal DOSCref
from the frequency divider 410 using the first sensed oscil-
lation signal LCosc1 to generate the first period count value
PCV1 for the frequency-divided reference oscillation signal.

The first filter 422-1 may amplify the first period count
value PCV1 using a preset accumulated gain to generate a
first amplified period count value and provide the first
amplified period count value as the first sensed signal Ssnl.

The second period counting circuit 420-2 may include a
second period counter 421-1 and a second filter 422-2.

The second period counter 421-2 may count a period of
the frequency-divided reference oscillation signal DOSCref
from the frequency divider 410 using the second sensed
oscillation signal [LCosc2 to generate the second period
count value PCV2 for the frequency-divided reference oscil-
lation signal.

The second filter 422-2 may amplify the second period
count value PCV2 using a preset accumulated gain to
generate a second amplified period count value and provide
the second amplified period count value as the second
sensed signal Ssn2.
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The calculation circuit 430 operates using the main oscil-
lation signal Mosc as a clock signal and generates the output
signal Sout by dividing the first sensed Ssnl signal by the
second sensed signal Ssn2.

FIG. 4A is a view illustrating an example of an output
signal in a sensing mode, and FIG. 4B is an example of an
output signal in a power saving mode.

The output signal Sout illustrated in FIG. 4A is a signal
waveform in the sensing mode while the output signal Sout
illustrated in FIG. 4B is a signal waveform in the power
saving mode. When compared, the output signals Sout
illustrated in FIGS. 4A and 4B showed reduced power
consumption while exhibiting similar sensing effects.

FIG. 5 is a view illustrating a moving object sensing
control method, according to an embodiment. FIG. 6 is a
flowchart illustrating FIG. 5 in detail.

Hereinafter, for description of the moving object sensing
control method, an operational description made above with
reference to FIS. 1 to 4 may be applied. Accordingly,
repeated descriptions may be omitted from the description of
the moving body-sensing control method.

The moving object sensing control method illustrated in
FIGS. 5 and 6 may be carried out in the moving object
sensing control apparatus 10 including the control circuit
100, the main oscillation circuit 200, the LC oscillation
circuit 300 and the sensing circuit 400, which are described
above with reference to FIGS. 1 to 4.

Referring to FIG. 5, in accordance with the control of the
control circuit 100, the power saving mode may be initiated
in operation S100 when the power saving mode is selected
from the sensing mode and the power saving mode based on
a mode signal Smode.

Then, in operation S200, in accordance with the control of
the control circuit 100, the main oscillation circuit 200, the
LC oscillation circuit 300 and the sensing circuit 400 may be
used to perform a sensing operation during the sensing time
in the power saving mode.

After the sensing time, in operation S300, a standby
operation holding a power down state of each of the main
oscillation circuit 200, the LC oscillation circuit 300 and the
sensing circuit 400 may be carried out during the standby
time in the power saving mode, in accordance with the
control of the control circuit 100.

After the standby time, in operation S400, powering on of
the main oscillation circuit 200, the LC oscillation circuit
300 and the sensing circuit 400 is controlled by the control
circuit 100 to re-initiate the sensing operation.

After the re-initiation of the sensing operation, a deter-
mination of whether to terminate the sensing operation is
made in operation S510, in accordance with the control of
the control circuit 100. In response to the control circuit 100
determining in operation S510 that the sensing operation is
to be terminated, termination may be carried out in operation
S520. Alternatively, in response to the control circuit 100
determining in operation S510 that the sensing operation is
not to be terminated, the sensing operation S200 is per-
formed again to continue the sensing operation.

As an example, when the sensing operation of the power
saving mode is carried out in operation S200, the sensing
operation of the power is initiated in operation S210 using
the main oscillation circuit 200, the LC oscillation circuit
300 and the sensing circuit 400.

Within operation S200, the sensing operation is carried
out in operation S210 until the elapse of the sensing time is
observed in operation S220, and the sensing operation S210
is terminated when the elapse of the sensing time is observed
in operation S220.
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The standby operation S300, includes operations S310
and S320. During operation S310, the standby operation of
the power saving mode is initiated in operation S311 after
the sensing time, thereby powering down the main oscilla-
tion circuit 200 and the L.C oscillation circuit 300 in opera-
tions S312 and S313, respectively, and carrying out the
standby operation holding an output signal of the sensing
circuit 400.

The standby operation S300 is maintained until the elapse
of'the standby is observed in operationS320, and the standby
operation S300 is terminated when the elapse of the standby
time is observed in operation S320.

As an example, when the elapse of the standby time is
observed in operation S320, the main oscillation circuit 200
and the L.C oscillation circuit 300 may be powered on in
operations S410 and S420, respectively, within the operation
S400. The sensing operation of the sensing circuit 400 may
then be re-initiated in operation S430.

As an example, when the sensing operation is carried out
in operation S200, the LC oscillation circuit 300 may
generate the sensing oscillation signal LCosc based on an
inductance value corresponding the relocation of the moving
body in response to the control of the control circuit 100. In
addition, the sensing circuit 400 may obtain a period count
value of the sensing oscillation signal LCosc using the
reference oscillation signal OSCref and output the output
signal Sout having movement information of the moving
body on the basis of each period count value.

The control circuit 100, according to an embodiment, may
be embodied in a computing environment (e.g., a peripheral
component interface (PCI), a USB connection, a FireWire
(IEEE 1394) connection, an optical bus configuration, a
network, or the like), in which a processor (e.g., a central
processing unit (CPU), a graphics processing unit (GPU), a
microprocessor, an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA), or the
like), a memory (e.g., a volatile memory (e.g., a RAM, or the
like), a non-volatile memory (e.g., a ROM, a flash memory,
or the like), an input device (e.g., a keyboard, a mouse, a
pen, a voice input device, a touch input device, an infrared
camera, a video input device, or the like), an output device
(e.g., a display, a speaker, a printer, or the like) and a
communications interface unit (e.g., a MODEM, a network
interface card (NIC), an integrated network interface, a
wireless frequency transmitter/receiver, an infrared port, a
USB interface unit, or the like) are interconnected with each
other.

The computing environment may be embodied in a dis-
tributed computing environment, or the like, including a
personal computer, a server computer, a handheld or laptop
device, a mobile device (a mobile phone, a PDA, a media
player, or the like), a multiprocessor system, a consumer
electronic device, a minicomputer, a main frame computer,
or the arbitrary aforementioned system or device, but is not
limited thereto.

According to disclosed embodiment, a moving body-
sensing device employing an impedance sensing (e.g.,
inductance generation), and the like, includes a power
saving mode in addition to a sensing mode and periodically
repeats a sensing operation and a standby state during the
power saving mode. That is, the moving body-sensing
device periodically repeats sensing on/off operations to
reduce power consumption.

The control circuit/controller 100 in FIG. 1 and the
calculation circuit 430 in FIG. 3 that perform the operations
described in this application are implemented by hardware
components configured to perform the operations described
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in this application that are performed by the hardware
components. Examples of hardware components that may be
used to perform the operations described in this application
where appropriate include controllers, sensors, generators,
drivers, memories, comparators, arithmetic logic units,
adders, subtractors, multipliers, dividers, integrators, and
any other electronic components configured to perform the
operations described in this application. In other examples,
one or more of the hardware components that perform the
operations described in this application are implemented by
computing hardware, for example, by one or more proces-
sors or computers. A processor or computer may be imple-
mented by one or more processing elements, such as an
array of logic gates, a controller and an arithmetic logic unit,
a digital signal processor, a microcomputer, a programmable
logic controller, a field-programmable gate array, a program-
mable logic array, a microprocessor, or any other device or
combination of devices that is configured to respond to and
execute instructions in a defined manner to achieve a desired
result. In one example, a processor or computer includes, or
is connected to, one or more memories storing instructions
or software that are executed by the processor or computer.
Hardware components implemented by a processor or com-
puter may execute instructions or software, such as an
operating system (OS) and one or more software applica-
tions that run on the OS, to perform the operations described
in this application. The hardware components may also
access, manipulate, process, create, and store data in
response to execution of the instructions or software. For
simplicity, the singular term “processor” or “computer” may
be used in the description of the examples described in this
application, but in other examples multiple processors or
computers may be used, or a processor or computer may
include multiple processing elements, or multiple types of
processing elements, or both. For example, a single hard-
ware component or two or more hardware components may
be implemented by a single processor, or two or more
processors, or a processor and a controller. One or more
hardware components may be implemented by one or more
processors, or a processor and a controller, and one or more
other hardware components may be implemented by one or
more other processors, or another processor and another
controller. One or more processors, or a processor and a
controller, may implement a single hardware component, or
two or more hardware components. A hardware component
may have any one or more of different processing configu-
rations, examples of which include a single processor,
independent processors, parallel processors, single-instruc-
tion single-data (SISD) multiprocessing, single-instruction
multiple-data (SIMD) multiprocessing, multiple-instruction
single-data (MISD) multiprocessing, and multiple-instruc-
tion multiple-data (MIMD) multiprocessing.

The methods illustrated in FIGS. 5 and 6 that perform the
operations described in this application are performed by
computing hardware, for example, by one or more proces-
sors or computers, implemented as described above execut-
ing instructions or software to perform the operations
described in this application that are performed by the
methods. For example, a single operation or two or more
operations may be performed by a single processor, or two
or more processors, or a processor and a controller. One or
more operations may be performed by one or more proces-
sors, or a processor and a controller, and one or more other
operations may be performed by one or more other proces-
sors, or another processor and another controller. One or
more processors, or a processor and a controller, may
perform a single operation, or two or more operations.
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Instructions or software to control computing hardware,
for example, one or more processors or computers, to
implement the hardware components and perform the meth-
ods as described above may be written as computer pro-
grams, code segments, instructions or any combination
thereof, for individually or collectively instructing or con-
figuring the one or more processors or computers to operate
as a machine or special-purpose computer to perform the
operations that are performed by the hardware components
and the methods as described above. In one example, the
instructions or software include machine code that is directly
executed by the one or more processors or computers, such
as machine code produced by a compiler. In another
example, the instructions or software includes higher-level
code that is executed by the one or more processors or
computer using an interpreter. The instructions or software
may be written using any programming language based on
the block diagrams and the flow charts illustrated in the
drawings and the corresponding descriptions in the specifi-
cation, which disclose algorithms for performing the opera-
tions that are performed by the hardware components and
the methods as described above.

The instructions or software to control computing hard-
ware, for example, one or more processors or computers, to
implement the hardware components and perform the meth-
ods as described above, and any associated data, data files,
and data structures, may be recorded, stored, or fixed in or
on one or more non-transitory computer-readable storage
media. Examples of a non-transitory computer-readable
storage medium include read-only memory (ROM), ran-
dom-access memory (RAM), flash memory, CD-ROMs,
CD-Rs, CD+Rs, CD-RWs, CD+RWs, DVD-ROMs, DVD-
Rs, DVD+Rs, DVD-RWs, DVD+RWs, DVD-RAMs, BD-
ROMs, BD-Rs, BD-R LTHs, BD-REs, magnetic tapes,
floppy disks, magneto-optical data storage devices, optical
data storage devices, hard disks, solid-state disks, and any
other device that is configured to store the instructions or
software and any associated data, data files, and data struc-
tures in a non-transitory manner and provide the instructions
or software and any associated data, data files, and data
structures to one or more processors or computers so that the
one or more processors or computers can execute the
instructions. In one example, the instructions or software
and any associated data, data files, and data structures are
distributed over network-coupled computer systems so that
the instructions and software and any associated data, data
files, and data structures are stored, accessed, and executed
in a distributed fashion by the one or more processors or
computers.

While this disclosure includes specific examples, it will
be apparent after an understanding of the disclosure of this
application that various changes in form and details may be
made in these examples without departing from the spirit
and scope of the claims and their equivalents. The examples
described herein are to be considered in a descriptive sense
only, and not for purposes of limitation. Descriptions of
features or aspects in each example are to be considered as
being applicable to similar features or aspects in other
examples. Suitable results may be achieved if the described
techniques are performed in a different order, and/or if
components in a described system, architecture, device, or
circuit are combined in a different manner, and/or replaced
or supplemented by other components or their equivalents.
Therefore, the scope of the disclosure is defined not by the
detailed description, but by the claims and their equivalents,
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and all variations within the scope of the claims and their
equivalents are to be construed as being included in the
disclosure.

What is claimed is:
1. A moving object sensing control circuit, comprising:
a control circuit configured to:
determine, based on a mode signal, whether to operate
in a sensing mode or a power saving mode, and

control, in the power saving mode, a sensing operation
in a sensing stage and a standby operation in a
standby stage;

an LC oscillation circuit configured to generate a sensed
oscillation signal based on an impedance value corre-
sponding to relocation of a moving object, by perform-
ing the sensing operation in the sensing stage or the
standby operation in the standby stage in response to
control of the control circuit; and

a sensing circuit configured to obtain a period count value
of the sensed oscillation signal using a reference oscil-
lation signal and a main oscillation signal, and output
an output signal having movement information of the
moving object based on the period count value, by
performing the sensing operation in the sensing stage or
the standby operation in the standby stage in response
to the control of the control circuit,

wherein the control circuit is further configured to control,
in the standby stage, powering down of the LC oscil-
lation circuit and holding of the output signal.

2. The moving object sensing control circuit of claim 1,
further comprising a main oscillation circuit configured to
generate the main oscillation signal by performing the
sensing operation in the sensing stage or the standby opera-
tion in the standby mode in response to the control of the
control circuit.

3. The moving object sensing control circuit of claim 2,
wherein the control circuit is further configured to control,
in the standby stage, powering down of the main oscillation
circuit.

4. The moving object sensing control circuit of claim 3,
wherein the control circuit is further configured to receive a
set time signal or a synchronous clock signal during the
standby stage, determine a sensing time of the sensing stage
and a standby time of the standby stage based on the
synchronous clock signal, control the sensing operation
during the sensing time based on the set time signal, and
control the standby operation during the standby time based
on the set time signal.

5. The moving object sensing control circuit of claim 4,
wherein the L.C oscillation circuit comprises:

a first oscillation circuit configured to generate a first
sensed oscillation signal based on a first impedance
value corresponding to relocation of a first detected
location of the moving object during the sensing opera-
tion; and

a second oscillation circuit configured to generate a
second sensed oscillation signal based on a second
impedance value corresponding to relocation of a sec-
ond detected location of the moving object during the
sensing operation.

6. The moving object sensing control circuit of claim 5,

wherein the sensing circuit comprises:

a frequency divider configured to divide a frequency of
the reference oscillation signal and output a frequency-
divided reference oscillation signal;

a first period counting circuit configured to generate a first
sensed signal having a first period count value counted
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using the frequency-divided reference oscillation signal
with respect to the first sensed oscillation signal;

a second period counting circuit configured to generate a
second sensed signal having a second period count
value counted using the frequency-divided reference
oscillation signal with respect to the second sensed
oscillation signal; and

a calculation circuit configured to calculate the first and
second sensed signals to generate the output signal.

7. The moving object sensing control circuit of claim 6,
wherein the first period counting circuit comprises:

a first period counter configured to count a period of the
frequency-divided reference oscillation signal using the
first sensed oscillation signal to generate the first period
count value for the frequency-divided reference oscil-
lation signal; and

a first filter configured to amplify the first period count
value using an accumulated gain to generate a first
amplified period count value and provide the first
amplified period count value as the first sensed signal.

8. The moving object sensing control circuit of claim 6,
wherein the second period counting circuit comprises:

a second period counter configured to count a period of
the frequency-divided reference oscillation signal using
the second sensed oscillation signal to generate the
second period count value for the frequency-divided
reference oscillation signal; and

a second filter configured to amplify the second period
count value using an accumulated gain to generate a
second amplified period count value and provide the
second amplified period count value as the second
sensed signal.

9. The moving object sensing control circuit of claim 6,
wherein the calculation circuit is further configured to
generate the output signal by dividing the first sensed signal
by the second sensed signal.

10. The moving object sensing control circuit of claim 6,
wherein the sensing stage and the standby stage are repeated
in an alternating manner.

11. A moving object sensing control method of a moving
object sensing control apparatus, comprising:

initiating a power saving mode in response to the power
saving mode being selected from among a sensing
mode and the power saving mode based on a mode
signal;

performing a sensing operation using a main oscillation
circuit, an L.C oscillation circuit and a sensing circuit of
the moving object sensing control apparatus during a
sensing time in the power saving mode;

performing a standby operation by holding a power-down
state for each of the main oscillation circuit, the LC
oscillation circuit and the sensing circuit during a
standby time, after the sensing time, in the power
saving mode; and

re-initiating the sensing operation by controlling power-
ing-on for each of the main oscillation circuit, the LC
oscillation circuit and the sensing circuit after the
standby time.

12. The moving object sensing control method of claim

11, further comprising:

receiving, after re-initiating the sensing operation, a ter-
mination signal indicating whether to terminate the
sensing operation; and

continuing with the sensing operation in response to the
termination signal indicating that the sensing operation
is not to be terminated, or terminating the sensing
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operation in response to the termination signal indicat-
ing that the sensing operation is to be terminated.

13. The moving object sensing control method of claim
11, wherein the performing of the sensing operation com-
prises:

initiating the sensing operation using the main oscillation

circuit, the L.C oscillation circuit and the sensing cir-
cuit; and

continuing to perform the sensing operation until the

sensing time elapses.

14. The moving object sensing control method of claim
11, wherein the performing of the standby operation com-
prises:

initiating the standby operation, after the sensing time

elapses, to power down the main oscillation circuit and
the LC oscillation circuit, and to hold an output signal
of the sensing circuit; and

continuing to perform the standby operation until the

standby time elapses.

15. The moving object sensing control method of claim
11, wherein the re-initiation of the sensing operation com-
prises:

powering on the main oscillation circuit, the LC oscilla-

tion circuit, and the sensing circuit.
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16. The moving object sensing control method of claim
11, wherein the performing of the sensing operation com-
prises:

generating, by the LC oscillation circuit, a sensing oscil-

lation signal based on an impedance value correspond-
ing to relocation of a moving object, in response to
control of a control circuit; and

obtaining, by the sensing circuit, a period count value of

the sensing oscillation signal using a reference oscil-
lation signal and a main oscillation signal and output-
ting, by the sensing circuit, an output signal having
movement information of the moving object on the
basis of the period count value.

17. The moving object sensing control method of claim
16, wherein the control circuit receives a set time signal or
a synchronous clock signal during the standby stage, deter-
mines the sensing time and the standby time based on the
synchronous clock signal, controls the sensing operation
during the sensing time based on the set time signal, and
controls the standby operation during the standby time based
on the set time signal.
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